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BIPOLAR PLATES FOR ELECTROCHEMICAL CELL STACKS 

BACKGROUND OF THE INVENTION 

This invention was made with government support under contract N00014-95-C-0023 
5 awarded by Navy/DARPA. The government has certain rights in this invention. 

Field of the Invention 

The present invention relates to separators between adjacent electrochemical cells. More 
particularly, the invention relates to lightweight bipolar plates and methods for their construction. 

Background of the Invention 

10 Electrochemical cells utilizing a proton exchange membrane (PEM) can be configured 

in cell stacks having bipolar separator plates between adjacent cells. These bipolar separator 
plates are typically made from a variety of metals, such as titanium and stainless steel, and non- 
metallic conductors, such as graphitic carbon. Bipolar separator plates can be fabricated by 
machining fluid flow fields into a solid sheet of the material. The flow fields are.made up of a 

15 seri es of ch annels or grooves that allow passage of gases and liquids. 

Figure 1 is a face view of a prior art bipolar separator plate 10 made from a solid sheet 
of a conducting material. The central portion of the plate has a flow field 12 machined into its 
surface. The flow field may direct fluid flow in many patterns, but is illustrated here as parallel 
serpentine channels. Around the perimeter of the flow field 12, the plate provides a plurality of 

20 bolt holes 14 for assembling and securing a cell stack, various manifolds 16 for communicating 
fluids in and out of the stack, and a flat surface 18 that allows the plate to be sealed with adjacent 
components of the cell stack. 

In addition to providing a fluid flow field, a bipolar separator plate for use in 
electrochemical cells must collect electrons liberated at one electrode, conduct the electrons 

25 through the plate, and deliver electrons to the face of another electrode on the opposing side of 
the plate. The prior art bipolar separator plate collects and delivers electrons from electrodes of 

opposing cells through the ridges 20 remaining between the channels 22 in the flow field 12. 

i 
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Figure 2 is a schematic view of a proton exchange membrane (PEM) electrochemical cell 
30 configured as a hydrogen-air fuel cell. This stack comprises two identical fuel cells 32 having 
a cathode 34, a PEM 36 and an anode 38. Flow fields 40 (shown schematically for clarity) are 
provided on either side of the bipolar separator plate 42, as well as on the internal faces of the. 
endplates 44. Electrons liberated at the anode 38 provide current flow to the cathode 34 of a cell 
on the other side of the plate 42 and, ultimately, through an external circuit 46. Electrons are 
then combined with protons and oxygen at the cathode 34 to form water. The electrical potential 
of the fuel cell 30 is increased by adding more cells 32 to the stack. 

Weight is a characteristic of electrochemical cells generally, and fuel cells in particular, 
that limits their use. Therefore, significant efforts have been directed at providing lightweight 
components for electrochemical cells. Even so, there remains a need for a lightweight bipolar 
separator plate. It would be desirable if the lightweight bipolar separator plate could also be 
made thinner and support higher current densities. It would be further desirable if the structure 
of the bipolar separator plate allowed the introduction of other specific properties, such as water 
permeability and reactant gas impermeability. 

Summary of the Invention 

The present invention provides a separator for electrochemical cells comprising a gas 
barrier having an electrically conducting pathway extending therethrough and a porous, 
electrically conducting member in electrical contact with each side of the electrically conducting 
pathway, the member selected from the group consisting of expanded metal mesh, metal foam, 
conducting polymer foam, porous conductive carbon material and combinations thereof. The 
electrically conducting pathway through the gas barrier may be formed from a second porous, 
electrically conducting member selected from the group consisting of expanded metal mesh, 
metal foam, conducting polymer foam, porous conductive carbon material and combinations 
thereof. The gas barrier may be comprised of a metal sheet or a polymer filled porous, 
electrically conducting member. 

In another aspect of the invention, a separator for electrochemical cells is provided 
comprising a porous, electrically conducting sheet selected from the group consisting of 
expanded metal mesh, metal foam, conducting polymer foam, porous conductive carbon material 
and combinations thereof and a gas impermeable material, such as a polymer or metal, disposed 
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within a portion of the sheet to form a gas barrier. The gas impermeable polymers are selected 
from the group consisting of water permeable polymers, thermoplastic polymers, reactively cured 
polymers, and combinations thereof. 

In yet another aspect of the invention, a separator for electrochemical cells is provided 
comprising two porous, electrically conducting sheets selected from the group consisting of 
expanded metal mesh, metal foam, conducting polymer foam, porous conductive carbon material 
and combinations thereof and an electrically conducting gas barrier disposed in electrical contact 
between the sheets. 

Brief Description of the Drawing s 

So that the manner in which the above recited features, advantages and objects of the 
present invention are attained and can be understood in detail, a more particular description of 
the invention, briefly summarized above, may be had by reference to the embodiments thereof 
which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical embodiments 
of this invention and are therefore not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

Figure 1 is a typical metal separator plate with a serpentine flow field design. This design 
features three parallel channels along each leg with a common manifold connecting each set of 
channels to the next. 

Figure 2 is a schematic cross-section of a PEM fuel cell illustrating the key features. The 
thickness of the membrane has been greatly exaggerated for clarity. 

Figure 3 A and 3B are a partial cross-sectional view and a face-on view of a bipolar plate 
constructed by spot welding expanded titanium flow fields to both sides of a titanium barrier 
layer. The titanium can be gold plated after welding to prevent oxidation of the metal in the fuel 
cell environment. 

Figure 4 is a partial cross-section of an all metal lightweight bipolar plate. This design 
features a thin (<;0.006") barrier made from solid titanium sheet with foamed metal flow fields 
welded to both sides of it. 

Figure 5 is a partial cross-sectional view of a sheet of copper foam having a polymer 
barrier in the center of the sheet. 
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Figure 6 is a partial cross-sectional view of a first copper foam sheet having a polymer 
barrier formed along one side and a second copper foam sheet in electrical contact with the first 
copper foam sheet. 

Figure 7A and 7B are front and side views of a frame for a bipolar plate. 
5 Figure 8 A and 8B are front and side views of an alternate frame for a bipolar plate having 

parallel gas flows rather than the cross flow arrangement of the frame in Figures 7A and 7B. 

Figure 9 is a side view of a bipolar plate having dual frame members. 

Figure 10 provides polarization curves for a two-cell stack using a bipolar plate with 
expanded titanium flow fields operating at 75 °C and 36 psig pressure at three air stoichiometrics. 
1 0 Figure 1 1 provides polarization curves for a two-cell stack using a bipolar plate with gold 

plated foamed copper flow fields operating at 75 °C and 36 psig pressure at three air 
stoichiometrics. 

Figure 12 provides a polarization curve for a two-cell fuel cell stack equipped with an 
Epon 862 filled copper foam bipolar plate operating on hydrogen/air at ambient pressure and 
15 55°C. 

Figure 13 provides a polarization curve for a two-cell fuel cell stack equipped with an 
Epon 862 filled copper bipolar plate operating on hydrogen air at 30 psig pressure and 65 °C. 

Figure 14A and 14B are top and side cross-sectional views of a bipolar plate with hollow 
tubes positioned therein and an injection molded frame. 
20 Figure 15 is a cross-sectional view of a bipolar plate having hollow tubes positioned 

therein, dual frame members, and a pair of gaskets. 

Figures 16A and 16B are face and edge views of a polymer modified metal foam bipolar 
plate having interdigitated flow fields to improve the gas distribution at the surface of the 
electrodes and reduce the pressure drop. 
25 Figure 17 is a partial cross-sectional view of a bipolar plate having a metal gas barrier 

with porous metal flow fields and polymer cell frames, which also serve as gaskets. 

Figure 18 is a frontal view of a bipolar plate having a partially polymer filled porous 
metal gas barrier with metal flow fields and polymer cell frames, which also serve as gaskets. 
The polymer cell frame furnishes sealing and gas channeling between the manifolds and the 
30 metal flow field. 

Figure 19 is a partial assembly diagram of a fluid cooled bipolar plate. 
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Figure 20 provides a polarization curve for a four-cell fuel cell stack, assembled similarly 
to the stack of Figure 19, having two bipolar plates with internal water cooling and one with only 
a gas barrier, and no cooling. 



10 



Detailed Description of the Invention 

The present invention provides improved, lightweight bipolar separator plates and 
methods for their manufacture. The weight of the separator is minimized by reducing the amount 
of dense materials (solid metal or graphite) that are used and replacing them with lighter 
materials. Solid materials are used only where dictated to provide structural strength, such as the 
outer frame of the bipolar plate where a gas seal must be achieved. Other parts of the plate, such 
as the flow field, are constructed from electrically conductive materials having a lower density, 
such as expanded metal mesh, or foamed metal. While these lower density materials are 
electrically conductive, they are not gas tight and, if used alone, would not provide a sufficient 
gas barrier. However, in accordance with the present invention a gas barrier can be used in 
conjunction with these low density materials. 
15 In one aspect of the invention, a bipolar separator plate is provided with a .thin, 

electrically conductive sheet forming a ga s tight hairier. Conductive sheets, such as tit anium, 
provide much thinner gas barriers than can be achieved by machining a solid metal plate to leave 
a flow field and a barrier structure. Sheets_of]ow^ 

placed in d ectricaUontact on both^sidesj>ft^ so that the low density material serves 

20 as the flow field. 

In another aspect of the invention, a bipolar separator plate is provided by forming a 
polymer barrier inside a sheet of low density metal. The polymer is disposed into the pores of 
the low density metal to form a gas barrier. It is preferred that the polymer fill only a region of 
pores, leaving another region to serve as a flow field. Polymers with special properties, such as 

25 water permeability, may be used for the gas barrier to provide the separator plates with additional 
advantages. T: 

^groove^ the 

Jlowjield. While the grooves may take on a number of patterns, the preferred groove pattern is 

i 

30 interdigitated. The interdigitated pattern includes finger-like channels that freely communicate 
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fluid from the inlet manifold into the flow field, yet requires the fluid to pass through at least a 
portion of the porous flow field before communicating with adjacent finger-like channels 
communicating with the.outlet manifold. 

In a further aspect of the invention, a bipolar separator plate is provided with a frame 
5 Jiavingj^ The 
frame may be made of a solid materialise 

JhereofJ^edir^ jrUtejm^ parallel 

or cross flo w, as is determined by the fluid channels and manifolding in the frame. It should be 
recognized that within a given cell stack, the manifolding must be consistent throughout. 

1 0 Now referring to Figure 3 A and 3B, a cross-sectional view of a bipolar plate 50 is shown 

constructed with a thin, metal sheet 52 having a flow field 54 made of expanded metal mesh spot 
welded to both sides thereof. The metal sheet 52 forms an impermeable gas barrier across the 
entire face of the plate 50 and the expanded metal mesh forms the fluid flow field 54. The sheet 
and mesh may be made from titanium SS, Al, Mg, or alloys thereof, most preferably titanium 

1 5 metal. It is most preferred that the titanium bipolar plate 50 be plated with a noble metal, gold, 
or other materials after welding to prevent oxidation and corrosion of the metal in the fuel cell 
environment. 

Now referring to Figure 4, a cross-sectional view of an all metal bipolar plate 60 is shown 
constructed with a thin, metal sheet 62 having metal foam flow fields 66. This bipolar plate 

20 features a thin (< 0.006") barrier sheet 62, preferably made from a solid titanium sheet, with metal 

foam (about 1/8 inch thick) welded to both sides thereof. The metal sheet 62 again forms the gas eja^ Ua?vu* 
J)arrierandjh^ Metals that can be prepared as a solid 

foam in accordance with the present invention include copper, aluminum, n ickel, titanium, silver, 
^£stainles^eel, with the preferredhneta^ beingjiickehu^ The density of the 

25 metal foam used in the sheet 66 can be up to about 50 percent metal by volume,. but the preferred 
density of the foamed metal is between about 3 and about 1 5 percent metal by volume, with the 
most preferred density being between about 5 and about 10 percent by volume. A variety of 
foamed metals are available from AstroMet, Cincinnati, Ohio. Methods for producing these 
metal foams are described in U.S. Patent No. 4,973,358, which is incorporated herein by 

30 reference. 

i 
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Now referring to Figure 5, a cross-sectional view of a bipolar plate 70 is shown that is 
made of a metal foam sheet 72 having a polymer barrier 74 in the center of the sheet. The first 
step in forming the polymer barrier 74 includes disposing a removable material (not shown) in 
the pores along a first side 76 of the metal foam sheet 72 where a flow field is desired. With the 
open pores on the second side 78 facing upward, a viscous polymer or polymer precursor is 
poured over the second side 78 and allowed to penetrate into the sheet 72 until the polymer 
comes into contact with the removable material. After allowing the polymer to harden or cure, 
the removable material is removed, leaving an impermeable gas barrier 74 within a central region 
of the metal foam sheet 72. The regions with open pores on either side 76,78 of the gas barrier 
74 form the flow fields. The removable material may be a solid, such as sugar, that is removable 
by dissolution in a solvent, such as water. Alternatively, the removable material may be a fluid 
in which the metal foam is partially immersed, wherein the polymer is immiscible in and floats 
on the fluid. It should be noted that it may be necessary to clean these bipolar plates prior to 
actual use. 

Now referring to Figure 6, a cross-sectional view of a bipolar plate 80 is shown having 
a first copper foam sheet 82 with a polymer barrier 84 formed along one face 88 and a second 
copper foam sheet 86 in electrical contact with the face 88 of the first copper foam, sheet 82. This 
configuration of two foam sheets 82,86 eliminates the difficulty of disposing the polymer into 
a central region of the metal foam. One face of the first metal foam sheet 82 is immersed into 
or coated with a polymer which is allowed to cure. Alternatively, a thermoplastic material can 
be heated and pressed into the metal foam sheet 82 where it is allowed to cool. In this manner, 
the first metal foam sheet 82 provides a gas barrier 84 along a first face 88 and a flow field 90 
on the opposing face. The second foam sheet 86, providing a second flow field 92, is then placed 
in contact with the first face 88 of the first metal foam sheet 82. While not necessary, it is 
generally preferred that the two metal foam sheets 82,86 be spot welded together at various 
points around the perimeter. So constructed, this bipolar separator plate 80 functions in the same 
manner as the bipolar plate of Figure 5. 

Now referring to Figures 7 A, 7B, 8 A and 8B, front and side views of two types of frames 
1 00 for a bipolar plate are shown. The frames 1 00 provide channels 102 for fluid communication 
between the flow fields 104 and the corresponding manifolds 106. The frames 100 have a 
thickness that is substantially equal to the thickness of the bipolar plate (See Figures 3-6), 
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typically between about 1/16 and about 1/4 inch. In Figure 7, the channels 102 on opposing sides 
of the frame 100 are perpendicularly disposed to cause a cross flow of fluids, i.e. flow between 
manifolds 106 and flow between manifolds 108. In Figure 8, an alternate frame 100 for a bipolar 
plate is shown having channels 102 on opposing sides of the frame 100 disposed in a parallel. 
5 arrangement to cause parallel flow of fluids over the opposing flow fields of the plate. 

Now referring to Figure 9, a side view of a bipolar plate 101 is shown having dual frame 
members 103. Each of the frame members 103 have channels 102 on their exposed face, a 
manifold 106 passing therethrough and a sealing face 105. The sealing face is substantially flat 
and is pressed against a thin rigid gas barrier, such as the barrier 62 shown in Figure 4, having 

10 mating manifolds cut therethrough. Preferably, the frame members 103 are slightly elastic to 
form seals with adjacent cell components (not shown) and the gas barrier 62. Alternately, 
gaskets 107 with mating manifolds cut therethrough may be required on either sealing face 105 
and between adjacent cell components (not shown). 

Referring briefly back to Figure 2, the contact between the electrodes 34,38 and the 

1 5 adjacent flow fields 40 should include about 50% of the geometric area of the electrode 34,38. 
This degree of contact allows the electrons to pass between the electrodes and flow fields with 
minimal resistance while maintaining sufficient open area for contacting the fluid with the 
electrode catalyst surface. Therefore, in accordance with the present invention, the small 
openings or pores in the flow field material 40 preferably have at least one dimension averaging 

20 less than about one millimeter. 

The thickness of the bipolar plates of the present invention is determined primarily by the 
operating pressure of the cell stack. Where gases or liquids are provided to the stack under high 
pressures, the thickness of the flow fields can be reduced. However, in many applications the 
use of high pressure pumps consumes significant amounts of the electricity generated by the fuel 

25 ceil and, thereby, result in an inefficient system. Low pressure gas and liquid sources, typically 
between about 0.1 and about 2 psig, may be used in conjunction with flow fields having a 
thickness greater than about 1/16 inch. Conversely, when a flow field becomes too thick, 
portions of the fluid flow may begin to channel or bypass the electrode surface. Therefore, for 
use in electrochemical cells having electrodes between about 4 and about 50 square inches of 

30 geometric surface area, it is preferred that flow fields have a thickness between about 1/16 and 
about 1/8 inch. 
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The term "air stoichiometry" refers to the ratio of actual air (oxygen) flow provided 
through the fuel cell to theoretical air (oxygen) flow required to carry out the fuel cell reactions. 
In general, as the excess of the oxygen reactant increases, the performance of the cell also 
increases. Therefore, a greater air stoichiometry provides increased cell performance. However, 
as discussed above, higher air stoichiometry is provided by increasing the flow rate of air through 
the cathode flow field which typically will require a high air feed pressure. 

EXAMPLE 1 

A bipolar plate was produced by first mounting a sheet of 0.006" (0.15mm) titanium in 
an 1/8 inch thick, lightweight aluminum frame having a cross flow design as shown in Figure 7. 
This metal sheet served as the gas barrier. The flow fields were produced by welding pieces of 
0.06 inch thick (overall thickness), expanded titanium having diamond shaped openings about 
I mm in the short dimension and 2 mm in the long dimension to either side. Because the fluid 
flow pattern was cross flow, the two expanded titanium sheets were oriented at 90° to each other 
with the long axis of the diamond pattern in-line with the flow pattern on each side barrier. After 
spot welding the flow fields, the titanium was gold plated to prevent the formation of an 
insulating layer of titanium oxide on the surface of the flow field. 

The bipolar plate was then installed into a PEM fuel cell stack having only two cells. The 
stack was operated at a temperature of 75 °C, pressures of 36 psig, and air stoichiometrics of 2X, 
3X and 4X theoretical. The polarization curves obtained from these runs are shown in Figure 
10. Following these runs, the stack was disassembled and examined. There was no evidence of 
corrosion on any parts. 

EXAMPLE 2 

A second bipolar plate was produced using a 1/8 inch aluminum frame with a sheet of 
0.006" titanium bonded into the frame. Foamed copper having a thickness of about 1/16 inch 
was welded in a position contacting the titanium barrier and then gold plated. The bipolar plate 
was inserted into the same two cell stack as in Example 1 . In Figure 1 1 , polarization curves are 
provided for the stack operating at 75 °C, 36 psig pressure, and three air stoichiometrics (2X, 3X 

/ 

and 4X)/ This performance is clearly an improvement from the results of the expanded metal 
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bipolar plate of Example 1, since the stack operated at greater current densities for a given stack 
potential. 

At the conclusion of the run, the stack was dismantled and the components inspected. 
No visible attack or degradation of the bipolar plate was observed. 

EXAMPLE 3 

A third bipolar plate was produced with a polymer barrier. In this case, a 3/16 inch sheet 
of foamed copper was partially impregnated with a reactively curable formulation including an 
epoxy resin having an epoxy equivalent weight of about 173 (available under the trademark 
EPON 862 from Shell Chemical, Houston, Texas), and a hardener having an equivalent weight 
of 190 (available under the trademark EPICURE from Shell Chemical, Houston, Texas). The 
partially impregnated sheet was sealed into a 3/16 inch aluminum frame against the inner support 
ridge machined into the inner pocket of the frame. The bipolar plate was then completed by 
attaching a thin, unfilled piece of foamed copper to the opposite side of the partially impregnated 
sheet. 

The bipolar plate was then installed into the two cell stack of Example 1. In Figure 12, 
a polarization curve is shown for the fuel cell stack operating on hydrogen as fuel and air as the 
oxidizer at ambient pressure and 55 °C. In Figure 13, a polarization curve is shown for the fuel 
cell stack operating on hydrogen and air at 30 psig pressure and 65 °C. The results for this cell, 
both at ambient and 30 psig pressures, do not show performance equal to that of Example 2. 

Thermoplastic Gas Barriers 

The same type of structure, metal foam with a polymer gas barrier can be fabricated using 
thermoplastic materials. A variety of polymers have been tested. In each case the polymer was 
heated to a temperature above the published softening point. The temperatures used for three 
polymers tested are tabulated in Table I. 
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Table I. Press and Transition Temperatures for Thermoplastic Gas Barriers 



Polymer 


T( PrtS i)( C) 




polyethersulfone 


343 


232 


polycarbonate 


288 


285 


nylon 6 


268 


246 



The press temperatures listed in Table I are those that were experimentally determined 
to give the best results. All of the data included here are for polymers which produced plates that 
withstood at least 20 psig differential gas pressure. One important feature for producing a good 
gas barrier is the ability to form an even layer. 
10 Polyethersulfone (PES) produced the cleanest demarcation of any of those examined. 

Polycarbonate (PC) barriers produced a good barrier layer but also showed signs of deeper 
penetration into the foam. The Nylon 6 barrier was the roughest in appearance of the three 
thermoplastics tested. 

When fabricating bipolar plates of the present invention with a thermoplastic gas barrier 
15 there is no cure time, only the cooling time, and the cooling time may be achieved in seconds. 
Therefore, forming the gas barrier with a thermoplastic polymer by hot pressing has the potential 
for easy automation and rapid production. 



Water Permeable Polymers 

In a PEM hydrogen/oxygen fuel cell, water is formed at the cathode by the reduction of 
20 oxygen. Water is also transported to the cathode electroosmotically from the anode side of the 
proton exchange membrane as each proton drags on average two to three water molecules with 
it. This electroosmotic drag will eventually dry out the anode face of the membrane, leading to 
higher internal resistance, and lower efficiency, unless it is replaced. Simple back diffusion 
within the membrane from the cathode to the anode is generally not enough to replace the 
25 electroosmotically moved water, even though water is being formed continuously at the cathode. 
The usual solution to this problem is to supply additional water, in the form of water vapor, in 
the^Ju^^ 

somewhere in the system. 
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In accordance with the_ present invention, jy jolymer haying sj)ecia^properties may be 
used to form the gas barrier in a metal foam jis shown^in Figures 5 and 6. Using a water 
permeable polymer allows the high concentration of water present at the cathode to diffuse 



through the water permeable bipolar plate from the wet side (cathode) to the dry side (anode) 
5 wherej^^ 

Jherejsjiojie^^ equipment.' Preferred water permeable 

polymers for constructing the gas barrier in a bipolar plate according to the present invention 
include perfluorinated sulphonic acid polymers (such as Nafion™) and cellulose acetate. 

Now referring to Figure 14A, a side cross-sectional view of a framed bipolar plate 1 10 

10 is shown with hollow tubes inserted to provide a fluid passage, such as for cooling. The framed 
bipolar plate 1 10 comprises a frame 100 and a metal foam bipolar plate 1 12. The bipolar plate 
1 12 is constructed in a similar fashion to the bipolar plate 80 shown in Figure 6. However, prior 
to forming the polymer gas barrier 84 in the first metal foam sheet 82, a plurality of grooves 1 14 
are cut into the face 88. A plurality of hollow tubes 1 16 are then disposed into the grooves 1 14. 

15 Upon application of the polymer, the tubes 1 16 are held firmly within the grooves 1 14 and the 
gas barrier 84 is formed. Any polymer covering the electrically contacting surfaces of the face 
88 is cleaned off and positioned in intimate contact with the second metal foam sheet 86. The 
two sheets 82,86 are then spot welded or otherwise positioned within the frame 100 for use in 
an electrochemical cell. While JheJiollowJ^es n solely for purposes of cooling the 

20 cell, the present invention spe^call>^cl^esjthe^ 
witl^wat^^ 

Now referring to Figure 14B, a cross-sectional view of the framed bipolar plate 1 10 is 
shown as taken along a line 14B-14B in Figure 14A. The hollow tubes 1 16 preferably extend 
beyond the metal foam sheets 82,86 and communicate with the manifold 1 18. The frame 100 

25 is preferably formed of a plastic material formed around the bipolar plate 1 1 2 with hollow tubes 
1 16 by any available process, such as injection molding. During injection molding of the frame 
100, the plastic material is forced into the pores in the edge regions 1 19 of the metal foam sheets 
82,86 to form a permanent attachment. 

Now referring to Figure 15, across-sectional view of a framed bipolar plate 120 is shown 

30 having an alternate frame securing a bipolar plate 1 12 having tubes 116 extending therefrom. 
The bipolar plate 1 12 is positioned within two dual frame members 103 and two gaskets 122, 
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each having mating holes therein to form the manifolds 118. The tubes 1 16 are received between 
the gaskets 122 and communicate with the manifolds 1 1 8. The gaskets 122 are preferably made 
of a highly elastic material, such as unsintered polytetrafluoroethylene (PTFE), which will 
conformably seal around the tubes 1 16 and between the frame members 103. Note that it is not. 
necessary to attach the members of the framed bipolar plate 120 together, since during operation 
the members will be placed in intimate contact by compression. The construction and assembly 
of an electrochemical cell is described by Murphy et al. in U.S. Patent No. 5,460,705 which is 
incorporated herein by reference. 

Now referring to Figures 16A and 16B, front and edge views of a bipolar plate 130 are 
shown having metal foam flow fields 132 with channels 134 to improve the gas distribution at 
the surface of the adjacent electrodes (not shown) and to reduce the pressure drop of the fluid 
passing through the flow fields 132. While the channels 134 may be cut in virtually any 
configuration or pattern, it is preferred that the channels do not provide a pathway from one 
manifold 118 to the other manifold 118, with the most preferred channels 134 being 
interdigitated as shown in Figure 1 6 A. Now referring to Figures 1 7 and 1 8, a partial cross- 
sectional view and a face view of a lighter version of an all metal bipolar plate 140 is shown 
having a metal gas barrier 142 with metal flow fields 144 and polymer cell frame 146 which also 
serves as the gasket. The metal gas barrier 142 extends beyond the edges of the flowfield, 
preferably to the edges of the stack. The polymer cell frames 146 are preferably positioned on 
both sides of the gas barrier 142 in a face-to-face relationship to provide a gas-tight or liquid- 
tight seal therebetween. While the frames 146 may be bonded, attached or otherwise secured to 
the gas barrier 142 and/or the flow fields 144, it is equally preferred that the frames be positioned 
around the perimeter of the flow field and rely on the compression of the stack to provide a seal 
with the gas barrier 142. 

The relatively thick polymeric frame/gaskets (polymer cell frame 146) positioned on each 
side of the gas barrier 142 replace the metal frame typically positioned or secured around the 
perimeter of the flow field. This design reduces the weight of the bipolar plate and the resulting 
stack by substituting a lower density polymer for the metal frame, and eliminates the need for 
any thin gaskets as may be typically required between a metal frame and adjacent metal 
components. The polymer cell frame 146, as illustrated in Figure 1 8, furnishes sealing and gas 
channeling between the manifolds 148 and the metal flow field 144. 
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Now referring to Figure 19, a fluid cooled bipolar plate 150 is shown assembled from a 
series of planar components including two cooling fluid barriers 156 and a cooling fluid frame 
158, with an electrically conducting flowfield (not shown) therein. Optionally, the.fluid cooled 
bipolar plate 150 may further include an anode cell frame 154, cathode cell frame 160 and 
sealing plates 152. This version of the bipolar plate includes an internal cooling flow field for 
cooling the stack. The cooling fluid flows from a cooling fluid inlet manifold 162 through the 
cooling flow field (not shown) within the cooling fluid frame 158, and into a cooling fluid outlet 
manifold generally opposed from the inlet manifold 162. The flow fields in the anode cell frame 
154, cooling fluid frame 158 and cathode cell frame 160 have been omitted from Figure 19 for 
purposes of simplification. 

Figure 20 provides a polarization curve, demonstrating the performance of a four-cell fuel 
cell stack having two bipolar plates with internal water cooling as in Figure 19 and one with only 
a gas barrier, and no cooling. The stack had cells with an active area of 32 cm 2 and operated on 
hydrogen and air at a pressure of 1 0 psig and a temperature of 62 ° C. 

While the foregoing is directed to the preferred embodiment of the present invention, 
other and further embodiments of the invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the claims which follow. 
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What is Claimed is: 

1 1 . A separator for electrochemical cells, comprising: 

2 a gas barrier having an electrically conducting pathway extending therethrough; 

3 a porous, electrically conducting member in electrical contact with each side of the 

4 electrically conducting pathway, the member selected from the group consisting of expanded 

5 metal mesh, metal foam, conducting polymer foam, porous conductive carbon material and 

6 combinations thereof. 

1 2. ' The separator of claim 1 , wherein the electrically conducting pathway through the gas 

2 barrier is formed from a second porous, electrically conducting member selected from the group 

3 consisting of expanded metal mesh, metal foam, conducting polymer foam, porous conductive 

4 carbon material and combinations thereof. 

1 3. The separator of claim 1, wherein the gas barrier is a metal. 

1 4. The separator of claim 1, wherein the gas barrier comprises a polymer. 

1 5. The separator of claim 1 further comprising a cooling fluid channel within the gas 

2 barrier. 

1 6. The separator of claim 1, wherein the gas barrier and the porous, electrically conducting 

2 member are essentially parallel. 

3 7. A separator for electrochemical cells, comprising: 

4 a porous, electrically conducting sheet selected from the group consisting of expanded 

5 metal mesh, metal foam, conducting polymer foam, porous conductive carbon material and 

6 combinations thereof; and 

7 a gas impermeable material disposed within a portion of the sheet to form a gas barrier. 
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8. The separator of claim 7, wherein the gas impermeable material is selected from the 
group consisting of polymers and metals. 

9. The separator of claim 7, wherein the gas impermeable material is a polymer selected, 
from the group consisting of water permeable polymers, thermoplastic polymers, reactively cured 
polymers, and combinations thereof. 

10. The separator of claim 7, wherein the gas impermeable material is an epoxy. 

11. The separator of claim 7, wherein the gas impermeable material is a thermoplastic 
polymer selected from the group consisting of polyethersulfone (PES), nylon, and polycarbonate. 

12. The separator of claim 7, wherein the gas impermeable material is a perfluorinated 
sulfonic acid polymer. 

13. The separator of claim 7, wherein the gas impermeable material is selected from the 
group consisting of titanium, stainless steel, aluminum, magnesium and alloys thereof. 

14. The separator of claim 7, wherein the gas barrier is formed along one face of the porous 
sheet. 

15. The separator of claim 7, wherein the gas barrier is formed within a central portion of the 
porous sheet. 

16. The separator of claim 7, further comprising a second porous, electrically conducting 
sheet selected from the group consisting of expanded metal mesh, metal foam, conducting 
polymer foam, porous conductive carbon material and combinations thereof, wherein the second 
porous sheet is in electrical contact with the side of the porous sheet having the gas barrier. 

17. The separator of claim 6, wherein the cooling fluid channel 
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1 18. The separator of claim 1 6, wherein the cooling fluid channel is disposed through or in 

2 contact with the gas impermeable material 

1 19. The separator of claim 17, wherein the cooling fluid channels comprise a plurality of 

2 cooling fluid tubes. 

1 20. A separator for electrochemical cells, comprising: 

2 two porous, electrically conducting sheets selected from the group consisting of expanded 

3 metal mesh, metal foam, conducting polymer foam, porous conductive carbon material and 

4 combinations thereof; and 

5 an electrically conducting gas barrier disposed in electrical contact between the sheets. 
I 21. The separator of claim 1 8, wherein the electrically conducting gas barrier is a metal sheet. 
1 22. The separator of claim 19, wherein the metal sheet is titanium. 

1 23. The separator of claim 19 further comprising a polymeric cell frame peripherally 

2 enclosing a porous electrically conducting sheet. 

1 24. The separator of claim 23 wherein the polymeric cell frame includes channels in fluid 

2 communication with the porous electrically conducting sheet. 

1 25. The separator of claim 20, wherein the porous, electrically conducting sheets have 

2 interdigitated channels communicating to the edge of the sheets. 

1 26. The separator of claim 20 further comprising a cooling fluid channel within the 

2 electrically conducting gas barrier. 

A' fluid cooled bipolar plate comprising: 
/an electrically conducting anode flow field; 
1 an electrically conducting cathode flow field; and 



3 27. 

4 

5 
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an electrically conducting cooling fluid flow field in electrical communication between 
the anode flow field and the cathode flow field, wherein the cooling fluid flow field includes 
fluid impermeable barriers defining a fluid passage. 

28. The fluid cooled bipolar plate of claim 27 further comprising cooling fluid inlet and outlet 
manifolds connected to the cooling fluid flow field. 

29. The fluid cooled bipolar plate of claim 27 further comprising a frame disposed around 
the cooling fluid flow field. 



WO 98/33221 



PCT/US98/01372 



1/8 




FIG. 2 



u 2 




i 




36 




36 fif/ i 




) 







30 



(-) 



e- 



38 
44 



40 



H + 



40 



34 
-38 
4Z 



40 



H' 



H- 



e- 



40 



-35 
44 



( + ) 



//■ft v 



hLO 



32 



32 



46 



e- 



SUBSTITUTE SHEET ( rule 26 > 



WO 98/33221 



PCTYUS98/0I372 




60 





66 



FJ£ 4 



70 



75 



~o 



76 




FJ& 5 




SUBSTITUTE SHEET ( rule 26 ) 



WO 98/33221 



PCTYUS98/01372 



3/8 



7B 



100 



106- 
102 

I 



7B 



108 









1 i 

c± 

• 




1 . 

3=1 




/Of 


1 

±3 








o= 


zmtttmtitrtttJi- 
— t : 





108- 



FIG. 7 A 



■102 



■106 



FIG. 7B 



8B 



100 



8B' 



/ I 



102 



■/06 



T 



0 



/CM 



zltltfttttti™ 




I 



O 



\02-^ ^-106 
FIG. 8 A 



102— X 



102 



102- 3. 



702 



FIG. 58 



SUBSTITUTE SHEET ( rule 26 * 



WO 98/33221 



PCT/US98/01372 



4/8 



if) 
■*-> 

o 
> 



c 

03 

-t-> 

o 

Q_ 

J£ 
O 
O 

■*-> 

in 



2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 



Expanded Mesh Flowfield/Titanium Barrier 























































Air 

Stoichlometry 
4X 
3X 
2X 














i 





























0 200 400 600 800 

Current Density, (mA/cm 2 ) 



1000 



FIG. 10 



2. 
1. 
1. 
1. 
1. 
1. 
0. 
0. 
0. 
w 0. 

p. 



CO 
-♦-» 

o 
> 



c 

CD 

o 

CL 

o 
a 



Foam Flowfield/Titanium Barrier 





















































































































Air 

Stoichlometry 
4X 
-m- 3X 

2X 
























\ 




> 





















































0 100 200 300 400 500 600 700 800 900 1000 1100 
Current Density, (mA/cm 2 ) 



FIG. 11 



SUBSTITUTE SHEET ( rule 26 ) 



WO 98/33221 



PCT/US98/01372 



5/8 



Foam Flowfields with Polymer Barrier 
(Ambient Pressure) 




c/) o.2 

0.0 I 1— 1 ' 1 1 

0 50 100 150 200 250 300 350 400 450 

Current Density, (mA/cm 2 ) 



FIG. 12 



Foam Flowfields with Polymer Barrier (30 psig) 
2.0. 



1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0,2 
,0.0 



100 200 300 400 500 600 700 800 900 
Current Density, (mA/cm 2 ) 



FIG. 13 



SUBSTITUTE SHEET ( rule 26 ) 



WO 98/33221 



PCTYUS98/01372 



6/8 



107-^^1,07 JO, 



102- 

105- 
103- 



2£ 



106 
102 

■105 

103 

102 
■106 



62 
FIG. 9 




14B 



T 

14B 



112 



FIG. 14A 



no 



82 



o° 



119 



4 0 



Iff? 



o°3 



100 
—118 

—119 



■86 
116 



112 



118 



100 

FIG. 14B 



120 

\ 

103- 
102- 



82 



102- 
103 



122. 
103 
118 

102 



■86 
116 
-112 



-102 

-118 
-103 
^-122 



FIG. 15 



SUBSTITUTE SHEET ( rule 26 ) 



WO 98/33221 



PCT/US98/01372 





156 




152 



FIG. 19 



SUBSTITUTE SHEET ( rule 26 ^ 



WO 98/33221 



PCT/US98/01372 



8/8 




FIG. 17 




FIG. 18 



c 

O 
Q_ 

J* 

o 
o 



4.0 



2.0 
1.5 
1.0 
0.5 
^' 0.0 



Four C2 II fuel stack 




100 200 300 400 500 600 700 800 900 
Current Density, (mA/cm 2 ) 



FIG. 20 



SUBSTITUTE SHEET ( rule 26 ) 



PCT 

INTERNATIONAL APPUCA 



lTTON f 



D INTELLECTUAL PROPERTY ORGANIZATIOJ 
International Bureau 



PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



1 

COOP] 




(51) International Patent Classificati n 6 : 




(11) International Publication Number: 


WO 98/33221 


H01M8/02, 8/24 


A3 








(43) International Publication Date: 


30 July 1998 (30.07.98) 



(21) Internati nal Applicati n Number: PCT/US98/01372 

(22) International Filing Date: 23 January 1998 (23.01.98) 



(30) Priority Data: 

08/787,271 



24 January 1997 (24.01.97) 



US 



(71) Applicant: LYNNTECH, INC. [US/US]; Suite 105, 7610 

Eastmark Drive, College Station, TX 77840 (US). 

(72) Inventors: CISAR, Alan, J.; 15603 Juniper Hollow Way, 

Cypress, TX 77429 (US). MURPHY, Oliver, J.; 4213 
Meadowbrook, Bryan, TX 77802 (US). 

(74) Agent: STREETS, Jeffrey, L.; Suite 1500, 3040 Post Oak 
Boulevard, Houston, TX 77046 (US). 



(81) Designated States: AL f AM, AT, AU, AZ, BA, BB, BG ? BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, DL, IS, JP, KE, KG, KP, KR, KZ, 
LC LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB. GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF t BJ, CF, CG, CI, CM, 
GA f GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments. 

(88) Date of publication of the international search report: 

10 December 1998 (10.12.98) 



(54) Title: BIPOLAR PLATES FOR ELECTROCHEMICAL CELL STACKS 
(57) Abstract 

The present invention provides a separator for electrochemical cells, 
comprising a gas barrier having an electrically conducting pathway extending 
therethrough and a porous, electrically conducting member in electrical 
contact with each side of the electrically conducting pathway. In another 
aspect of the invention, a separator for electrochemical cells is provided 
comprising a porous, electrically conducting sheet and a gas impermeable 
material disposed within a portion of the sheet to form a gas barrier. In yet 
another aspect of the invention, a separator for electrochemical cells is 
provided comprising two porous, electrically conducting sheets and an 
electrically conducting gas barrier disposed in electrical contact between the 
sheets. 



146 



144 




o o oo c 

0 0 19 1 
0 10 0 

ri* M • 
roooo 

OOlOfl 

t oooo 
ooioo 

1 0 0 0 0 

ooooo 

10 0 0 0 

000 0 0 
10 0 0 0 

ooooo 

1 0 0 0 0 
• 010 o 
1 0 0 0 0 

ooooo 



ooooo 

0 0 0 0 < 

ooooo 

Q 0 0 01 
0 1000 

ooto4 

0 0 0 0 

0 0 

ooooo 

00 0 0( 

ooooo 
00004 
ooooo 

0 0 0 0 ( 
0 0 0 0 0 

; oeoot 

< 0-8 0 6 0 

I oooot 
ooooo 



144 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy , 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


. NZ 


New Zealand 






CM 


Cameroon 

China J 




Republic of Korea 


PL 


Poland 






CN 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba / 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic ' 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany j 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







PCT/US 98/01372 



A. ^CLASSIFICATION OF SI HI I I I I I 



IPC6: H01M 8/02, H01M 8/24 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED : ' 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H01M, C25B 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during ihe international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 

A 


14 December 1994 (14.12.94), page 5, 
line 8 - page 7, line 49 




X 


EP 0784352 Al (NISSHINBO INDUSTRIES, INC.), 

16 July 1997 (16.07.97), page 3, line 16 - page 4, 
line 10 


7-11 


X,P 


EP 0817297 A2 (DE NORA S.P.A.), 7 January 1998 

(07.01.98), column 3, line 52 - column 4, line 43 


. 1,3,6,20-24 


)( Further documents are listed in the continuation of Box C. X See P alent family annex. 



* SpeaaJ categories of cited documents: 

"A' document defining the general state of the art which is not considered 

to be of particular relevance 
"E" criier document but published on or after the international filing date 

"V document which may throw doubts on priority daim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (a* specified) 

*0" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



Date of the actual completion of the international search 

V 

/ 

12 October 11998 


Date of mailing of the international search report 

2 8.10.96 


Name and mailing address of the ISA/ 

Ok F.uropcan Patent Office, P.B. 5818 Patcntlaan 2 
/fill N 'l'-2280 HV Rijswijk 
. WJ) Tel. ( * 31-70> 340-2040, Tx. .11 o5l cpo nl, 
Fax:( • .11-70) 340-3016 


Authorized officer 

ULLA GRANLUND 



l ; orm PCT;iSA/210 (second sheet) (July 1992) 



T" later document published after the international filing date or pnonty 
date and not in conflict with the application but dted to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*&* document member of the same patent family 



INTERN A.TION 



EARCH REPORT 



International application No. 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



98/01372 



Category * 



Giaiion of document, with indication, where appropriate, of the relevant passages 



EP 0154772 Al (BBC AKTIENGESELLSCHAFT BROWN, 

BOVERI & CIE), 18 Sept 1985 (18.09.85), page 3, 
line 17 - page 4, line 27 



US 5496655 A (PAUL A. LESSING), 5 March 1996 
(05.03.96), column 16, line 24 - line 44 



Relevant to claim No. 



1-26 



1-26 



) 



Form PCT.'ISA.'210 (continuation of second sheet) (July 1992) 



INTERNATION 



ir .alio 

Jj^pARCH REPORT 



Ir .ational application No. 

JS 98/01372 



Box I Observatt ns where c rtain claims were found unsearchable (Continuation f it m 1 of first sheet) 

This International Search Report has not been established in respect of certain ciaims under Article I7(2)(a) for the following reasons: 
1. | | Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Q^] Claims Nos.; 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



□ 



Claims Nos.: 

because they are dependent ciaims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

1. Claims 1-26: relate to a separator 

2. Claims 27-29: relate to a fluid cooled bipolar plate 



1. 



I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report 

1 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. X No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

claims 1-26 



Remark on Protest [ | The additional search fees were accompanied by the applicant's protest. 

| [ No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (1 )) (July 1992) 



INTERNATIO 

Information o 



SA 37379 



SEARCH REPORT 

t family members 



27/07/98 



^tional application No. 

S 98/01372 



Patent document 
cited in search report 



Publication 
date 



EP 0629015 Al 



Patent family 
member(s) 



Publication 
date 



14/12/94 AU 674931 B 16/01/97 

AU 6054194 A 03/11/94 

BR 9401641 A 22/11/94 

CA 2121455 A 31/10/94 

CN 1108005 A 06/09/95 

CZ 9400986 A 19/10/94 

FI 941932 A 31/10/94 

IT 1270878 B 13/05/97 

IT MI930857 D.U.V 05/05/95 

JP 6349508 A 22/12/94 

SK 50694 A 09/11/94 

US 5482792 A 09/01/96 

US 5565072 A 15/10/96 

US 5578388 A 26/11/96 



EP 


0784352 


Al 


16/07/97 


CA 


2198496 A 


23/01/97 










WO 


9702612 A 


23/01/97 


EP 


0817297 


A2 


07/01/98 


AU 


2478897 A 


15/01/98 










CZ 


9701998 A 


18/03/98 










IT 


1284072 B 


08/05/98 










IT 


MI961293 A 


29/12/97 










JP 


10055805 A 


24/02/98 










NO 


972774 A 


19/12/97 


EP 


0154772 


Al 


18/09/85 


DE 


3564135 A 


08/09/88 










US 


4619753 A 


28/10/86 


US 


5496655 


A 


05/03/96 


NONE 





Form PCT/ISA/210 (patent family annex) (July 1992) 



